Abstract: Treatment of traumatic anterior glenohumeral dislocation has evolved over the years in terms of surgical approaches and methods of repair. Recurrence of instability following surgical repair remains challenging with conventional methods of open reconstruction. We describe the utilization of arthroscopic anatomic glenoid reconstruction using a distal tibial allograft after a failed Latarjet procedure. Preoperative and operative methodology are described with relevant imaging investigations and a detailed intraoperative arthroscopic technique.
T raumatic anterior glenohumeral dislocation is the most common type of joint dislocation. 1 Many procedures have been described for its treatment including the arthroscopic Bankart repair and Latarjet procedure. Burkhart and DeBeer reported a 67% recurrence rate after soft-tissue repair for patients with considerable bone loss. 2 Following a Latarjet procedure, the same authors reported a recurrence rate of 5% in a series of 102 patients. 3 Generally, recurrence after surgery for anterior instability of the shoulder may be caused by trauma, technical failure, misdiagnosis, as in the case of posterior instability, or patient factors such as hyperlaxity. 1 The management of a patient with a failed index procedure for glenohumeral dislocation can be challenging, more so after a failed bone-block procedure. Many factors including the cause of failure, preexisting anchors, metal work, scar formation, altered anatomy of the neurovascular structures, and glenohumeral arthritis need to be considered. There have been several techniques described for managing recurrent instability following a failed Latarjet procedure including the Eden-Hybinette procedure using iliac crest autograft 4, 5 and anatomic glenoid reconstruction using distal tibia allograft. 6, 7 The majority have been open procedures although Giannakos et al. 4 described an all arthroscopic Eden-Hybinette procedure for failed instability surgery.
The role of arthroscopy in visualizing the position of the bone block, in comparison to an open procedure, helps in preventing postoperative complications. Hovelius et al. 8 reported higher recurrence rates when the bone block was placed overly superior or medially on the glenoid neck. A position >1 cm medial to the glenoid rim was associated with an 83% rate of recurrence. Wong and Urquhart 8 described an arthroscopic anatomic glenoid reconstruction technique with a distal tibial allograft (DTA) for the treatment of shoulder instability in the lateral decubitus position. The objective of this Technical Note is to describe the application of the arthroscopic anatomic glenoid reconstruction technique using DTA for the treatment of severe anterior glenoid bone loss in the setting of a failed Latarjet procedure.
Surgical Technique Preoperative Assessment
A standard physical examination of the shoulder is performed. Instability is assessed using the anterior apprehension, Jobe relocation, sulcus, and load-andshift tests. Rotator cuff integrity is assessed using the empty-can, drop-arm, lift-off, and resisted internal/ external rotation testing. Hypermobility of the shoulder and other joints is assessed using the Beighton score. Shoulder imaging (Fig 1) consists of anteroposterior, axillary, and trans-scapular Y views, as well as a computed tomography scan with 3-dimensional reconstruction (Fig 2) to assess glenoid bone loss, degree of resorption, nonunion/malunion of the previously placed allograft, and presence of Hill-Sachs lesion.
Surgical indications would include shoulder instability secondary to significant bone loss, a failed previous stabilization procedure for anterior instability involving soft tissue, or a previously failed Latarjet procedure.
Patient Positioning and Operative Room Setup
A bean bag is placed on the operating table under the patient. The patient is rolled into a semilateral position at 30 from vertical (Fig 3) . After aseptically prepping the patients' skin and draping, the arm is placed in a pneumatic positioner (Spider 2; Smith & Nephew, Memphis, TN) and abducted 60 in balanced suspension. Skin landmarks including the acromion, scapular spine, clavicle, and acromioclavicular joint are drawn on the patient (Fig 3B) .
Evaluation and Debridement
A standard diagnostic arthroscopy according to Snyder's described technique is performed after establishing a standard posterior portal. 9 Anterosuperior and anteroinferior portals are created using an outside-in technique (Fig 4) . A biceps tenotomy is recommended in the presence of preexisting biceps pathology. Extensive scarring may be seen around the subscapularis and the rotator interval. Using a thermal probe, rotator interval release is done. The anterosuperior portions of the subscapularis are fully visualized by this release. Through the anteroinferior portal, ARTHROSCOPIC ANATOMIC GLENOID RECONSTRUCTION e179 a labral elevator is used to mobilize the labrum and scar tissue if present. This maneuver helps in exposing previous bone grafts or hardware. The arthroscope is then shifted to the anterosuperior portal and a cannula is placed in the posterior portal to serve as an outflow to maintain a low intra-articular portal pressure.
Through the anteroinferior portal, hardware removal is attempted with a 3.5-mm screw driver; however, because the angle may not be appropriate, an additional far medial portal is created. 10 This portal is created in the usual fashion using an inside-out technique. The switching stick in the posterior portal is advanced parallel to the glenoid, superior to the subscapularis, and as high as possible toward the humeral head under direct visualization. This ensures reduced risk and safety of the neurovascular structures. The switching stick is then advanced through the deltoid, and a skin incision is made over the switching stick. A slotted cannula is placed through this portal, followed by a large channeler, to bluntly dilate the medial portal. This allows for easier hardware removal and passage of the DTA graft at later stages. The screws are removed from the medial portal after direct visualization and access using a 3.5-mm screwdriver. At this point, the anterior glenoid is completely debrided of friable tissue. The anterior glenoid is rasped and decorticated to provide a bleeding surface for promoted healing.
The dimensions of the glenoid is then measured and the graft size estimated using a calibrated probe. The posterior canula is then removed and a metal half pipe is inserted through the posterior portal. This is used as an aid for sliding the hook end of the double glenoid guide on the glenoid surface. Two glenoid guide bullets are percutaneously passed to secure the guide by ratcheting onto the posterior glenoid. Two 2.8-mm sleeved drills are then placed through the bullets to drill parallel holes through the glenoid approximately 10 mm apart. Each drill is to exit 5 mm below the cortical edge of the glenoid face. The bullets and guide are removed, leaving the drills and sleeves.
Distal Tibia Graft Preparation
A fresh-frozen (nonradiated) distal tibial allograft (Capital District Health Authority Regional Tissue Bank, Halifax, Nova Scotia, Canada) is used for the reconstruction. Usually, the tibia of the same side as the shoulder is ordered and used. The graft is prepared as described by Wong and Urquhart. 11 The dimensions of the graft were 15 mm in the anteroposterior plane, 20 mm in the inferosuperior plane, and a width of 15 mm. The graft is then held with a graft prep tool (Smith and Nephew) and 2 holes are drilled 10 mm apart. The created holes correspond to the distance of the cannulated drill sleeves previously placed in the glenoid neck. Using a suture retrieving device, the suture tail ends of the two EndoButton implants (Smith and Nephew) are placed through the drilled holes in the graft. Finally, the graft is thoroughly irrigated with normal saline.
Graft Placement, Tensioning, and Capsulolabral Repair
A double bullet drill guide (Smith & Nephew) is inserted through a posterior portal and the main arm is placed at the desired position on the glenoid fossa ( Fig  7A) . A small incision is made and the bullet is ratcheted against the posterior glenoid and this stabilizes the guide against the anterior glenoid rim. The 2.8-mm drill and sleeve are drilled through the glenoid from posterior to anterior. Two tunnels are made on either side of the main arm of the drill guide that correspond to the drill holes made in the graft. At this point, the drills are removed and number 1 looped monofilament suture is passed through the 2 sleeves and retrieved anteriorly through the far medial portal. These are used to shuttle the suture tails of the EndoButton-graft construct through the predrilled glenoid holes. Two 1.8-mm all suture anchors (Q-Fix, Smith & Nephew) are then inserted into the anterior glenoid rim after predrilling taking care not to coalesce with the glenoid tunnels. These anchors will aid in the repair of the capsulolabral tissue after the fixation of the graft. The graft is tilted for insertion into the 10-mm cannula. The graft is advanced by pulling the guidewires out posteriorly. Slight tension is maintained on the sutures throughout this step until the bone block is positioned flush on the anterior neck of the glenoid; each implant's lead suture exits the skin posteriorly. The posterior EndoButtons are loaded onto the suture tails and sequentially tensioned using a suture tensioning device up to 100 N, as per the previously described technique by Taverna et al. 12 The capsulolabral complex mobilized earlier is repaired over the graft on to the native glenoid using the regular Bankart repair technique. The construct is then viewed from all portals to ensure a glenoid positioned humeral head while taking it through range of motion and an anterior stress test. The arthroscopic portals are closed and the arm is placed in a neutral rotation sling. The steps of this surgical technique have been summarized in Table 1 and the pearls and pitfalls in Table 2 .
Discussion
Arthroscopic modes of glenoid reconstruction are an area of continued research. The results of the EdenHybinette procedure after failed Latarjet have been mixed and variable in the literature for recurrent shoulder instability. Lunn et al., 1 in a series of 34 patients with recurrent instability after Latarjet procedures, reported persistent instability/dislocation in 4 patients after revision with modified Eden-Hybinette procedure. On the contrary, Rouxel et al. 5 reported no cases of recurrence after the Eden-Hybinette procedure for the treatment of instability after a failed Latarjet procedure. The main complication appears to be the incidence of postoperative arthritis (as high as 50%) resulting from the absence of articular cartilage in the iliac crest bone block. 5 A previously published systematic review of the complications associated with Bristow/Latarjet procedures showed a 30% complication rate that included coracoid fractures, recurrent instability, bone-block migration, screw migration/ breakage/prominence, nonunion, infection, osteolysis, hematoma, osteoarthritis, subscapularis rupture, loss of external rotation, and neurovascular injury. 14 Arthroscopic anatomic glenoid reconstruction using distal tibial allograft is a newly described surgical technique with a relatively fast learning curve and high rates of desired graft position compared with the arthroscopic Latarjet procedure. 13 This technique has been originally described by Wong and Urquhart in 2015. 11 The arthroscopic procedure allows us to place the graft at the desired location and flush with the adjacent glenoid fossa. The additional medial portal allows for a parallel positioning of the tunnels to the glenoid surface. The safety profile of this portal has been previously established. 10 Further, the capsulolabral repair that is done on top of the graft makes the bone graft extra-articular. The capsulolabral repair, which on its own is a very successful surgical procedure in patients with no or mild glenoid bone loss, further augments the stability that the distal tibia bone graft provides and negates the need for the sling effect of subscapularis. In revision cases, especially after a previous open Latarjet procedure, which makes it difficult to identify the neurovascular planes due to scarring, our technique is not only anatomic in the re-creation of the glenoid surface but also anatomic in the preservation and repair of the capsulolabral complex.
We describe the intraoperative surgical technique including perioperative assessment details and visual illustrations (Video 1). 
